Here we present the Xart system based on a three-step hybrid method using data mining approaches and syntactic analysis to automatically discover and extract relevant data modeled as n-ary relations in plain text. A n-ary relation links a studied object with its features considered as several arguments. We addressed the challenge of designing a novel method to handle the identification and extraction of heterogeneous arguments such as symbolic arguments, quantitative arguments composed of numbers and various measurement units. We thus developed the Xart system, which relies on a domain ontology for discovering patterns, in plain text, to identify arguments involved in n-ary relations. The discovered patterns take advantage of different ontological levels that facilitate identification of all arguments and pool them in the sought n-ary relation.
Introduction
: An excerpt of the naRyQ concept hierarchy in the food packaging domain a core ontology to represent n-ary relations and a domain ontology to represent 129 specific concepts of a given application domain. Note that each step of the Xart 130 system relies on the core ontology, which is domain independant. 131 Figure 2 illustrates an application of naRyQ in the food packaging domain. 132 In the up core ontology, generic concepts Relation Concept and Argument re-133 spectively represent n-ary relations and their arguments. In the down core on-134 tology, generic concepts Dimension, UM Concept, Unit Concept and Quantity 135 allow the management of quantities and their associated measurement units. 136 Note that the measurement units are represented by instances of the generic con- 
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A n-ary relation is represented by a concept which is linked to its arguments 159 by binary relations such that none of these arguments has a specific role (e.g. 160 subject or object). A formal definition of the representation of n-ary relations 161 between quantitative data is given below. 162 Definition 2.
163
Let us consider OT R = C OT R ; R; I; V ; ≤ o ; W oi of Definition 1. A n-ary
by the set of binary relations r j ∈ R which link the n-ary relation rel with its 166 arguments, with this set being composed of at least two binary relations:
such that |Def(rel)| ≥ 2 A n-ary relation is caracterized by its signature, i.e. the set of its arguments. 
An example of a n-ary relation concept is given in Figure 3 A textual window denoted f sn is defined as the set of sentences composed of the 190 pivot sentence and the n previous sentences, and/or the n subsequent sentences,
191
where n is the window dimension. The search direction in sentences, denoted s, 192 is represented with -considering previous sentences, + considering subsequent 193 sentences or ± considering previous and subsequent sentences 194 The textual window is a relevant textual context for the discovery of infor-195 mation about n-ary relations over the three steps of the Xart system. (1) Pre-selecting a set of relevant candidate units to be compared (i.e. a unit having typographic variations and a unit from the OTR) using a Jaccard measure that allows the common blocks to be evaluated in the two units (u 1 , u 2 ) without the block order constraint using bl a function associating a unit with its set of blocks:
(2) Pre-selected candidate units are then compared using our new edit measure, SM D b , we adapted from the Damerau-Levenshtein distance (D c ) (Damerau, 1964) used to compare characters. The distance D c between two strings is defined as the minimum number of edits needed to transform one string into another, with the edit operations being insertion, deletion, or substitution of a single character. The distance D c can then be normalized by using the approach detailed in (Maedche & Staab, 2002) :
The similarity measure is computed and the higher this measure is, the 315 closer the unit u1 is to the unit u2. fore 19 and the similarity distance normalized according to D c is:
Our new approach allows those two units to be directly compared: The unit kg m P a −1 s −1 m −2 is finally associated with its OTR referent and 343 validated to enrich the OTR.
344
In this first step, the ontology is enriched with new units and terminological 345 variations of existing units. These units will be used to define more relevant 346 textual contexts in the second step of the Xart system. This section presents the second step, called the Knowledge discovery process, (see Figure 1 ) of the Xart system. This step aims at discovering frequent The fourth substep of the knowledge discovery process is based on data 453 mining. Each studied subcorpus associated with its sets of transactions and 454 itemsets according to a relevant textual window is mined by the algorithms.
455
This substep is intended to extract the Ontological Sequential Patterns (OSP) 456 that allow the correlations of arguments expressed in text to be discovered.
457
Based on data mining definitions of (Agrawal & Srikant, 1995) , we propose Let (OS f sn ) A = < IS n 1 IS n 2 ...IS n p > be an ontological subsequence of another in the textual window f ±1 . It allows us to obtain a correlation between the pack-485 aging concept, defined in the OTR of the food packaging domain, and the repre-486 sentation of its thickness given by numvalthick. The pattern given in the OSP
487
shows that the expression of the studied object (i.e. the packaging) frequently 488 occurs with its thickness in text and this cooccurrence is frequently discovered in 489 a textual window f ±1 (i.e. a context extended to three sentences).
490
The third step of the Xart system is the hybrid approach detailed in (Berra- Table 4 gives an excerpt of OSP obtained with the knowledge discovery process 589 using our data representation. First, the results show the advantages of the 590 new data representation to extract more meaningful patterns. Second, they 591 show that extracted patterns allow us to discover implicit argument expressions 592 in text. We came up with the three following patterns. 593 1. OSP <(Packaging)(numvalthick um)> highlights that packaging and thick-594 ness arguments frequently appear to be correlated in text and that corre-595 lations frequently occur in a maximal textual window of f ±1 ; 596 2. <(pressure)(water permeability)> shows that the partial pressure and per-597 meability arguments frequently occur in the same sentence; 598 3. Several OSP suggest that the terms denoting the packaging concept could 599 be the trigger of the relation since they frequently occur in OSP of previ-600 30 ous correlations, e.g. <(Packaging)(permeability)>, <(Packaging) (numvaltemp • C)>.
